SUMMARY
The nucleotide sequence of the L pneumophila recA gene was determined. The coding region was 1044 nucleotides (348 codons), specifying a 37934 Da protein. Preceding the recA gene was a tandem set of transcription regulatory sequences and putative LexA binding sites. When expressed in E. coil, the cloned recA gene yielded two proteins with molecular weights of approximately 38000 and 35 500 Da. The larger of these two proteins shared 70.4% and 74.6% identity with the E. coil and Pseudomonas aeruginosa RecA proteins, respectively. The 35 500 Da recA encoded protein was presumed to be the product of translation from Met 26 which was pre~ecded by an alternate ribosomal binding site.
negative bacteria [1, 2] . The Legionellaceae typespecies, Legionella pneumophila, it the etiologic agent of the seriou~ and often fatal pneumonia termed Legionnaires disease [31. To date, a growing fist of Legionella species are placed in. at least 33 recognized serogroups [41. Recently, our laboratory reported the cloning and characterization of the L. pneumophila recA gene [5] . Like that of E. coil, the L. pneumophila recA gene was induced by UV treatment, promoted homologous recombination, and cross-reacted with antibodies raised against E. coli RecA protein [5] . Our previous findings prompted the present study to determine the sequence of the L pneumophila recA gene and ascertain the molecular basis for the high degree of functional conservation between homologous genes from such widely divergent bacteria.
INTRODUCTION
The bacterial family Legionellaceae, is a closely related group of organisms mdike other Gram
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MATERIALS AND METHODS

Bacterial strains, bacteriophage, and plasmids
E. coil HB101 [6] was used as a host strain for recombinant plasmid DNAs. E. coil JM105 [71 was used as a host for M13-mpl8 and M13-mpl9 [8] . The previously described plasmid, pLADlll [5] was the source of the L. pneumophila recA gene. The plasmid derivatives of pT7-1 [9] , pT7-5 and pTT-6, and pGPl-2 were obtained from Stan Tabor.
2. Media and growth conditions
LB medium [10] was used as a routine maintenance medium for E. coil strains. JMI05 was maintained on M9 agar medium [10] supplemented with thiamine (1 /tg/ml). JM105 was cultivated on 2X-YT medium [10] prior to the isolation of single stranded sequencing template DNA. HB101 strains harboring pGP1-2 and the appropriate pT7 vectors were grown at 30°C. All other bacterial cultivations were at 37°C. When appropriate, antibiotics ,vere added to culture media at the following con~ntrations in /~g/ml: carbenicillin (Cb), 100; kanamycin (Km), 25; rifampicin (RIO, 300.
Expression and metabolic labeling of the recA gene encoded products
A 1.7 kb BglIl-EcoRI fragment of pLADlll, previously determined to encode functional recA activity [5] , was subeloned into pT7-5 and pT7-6. The resulting plasmids, pT7-Srec and pI'7-6rec, were transformed individually into E. coil HB101 (pGP]°2) for analysis by T7 RNA ,,'~olymerase mediated expression [9] . During expression, T'/-promoted gene products were labeled with [35S]methionine (> 1000 Ci/mmol (Tran35S-iabel, ICN Biochemicals, Inc., Costa Mesa, CA)). Expression samples were fractionated by SDS-PAGE on 104 (w/v) gels [11] . Separated proteins were electrotransferred to nitrocellulose [1,~] and exposed to X -OMAT AR film for 2 h ~tt -70°C.
DNA sequencing and data analysis
DNA sequencing was performe,J on both strands by the dideoxynucleotide chain termination method of Sanger et al. [13] . 
RESULTS
TT-Expression of the L. pneumophila recA gene
The results of T7 expression indicated that the 1.7 kb L~ pneumophila insert encoded two protein products (Fig. 1C) . The higher molecular weight form (38 000 Da) corresponded almost exactly in size to the E. coli recA gene product; the lower molecular weight species (35 500 Da) was assum-od to correspond to a specific proteolytic cleavage of RecA [5] . This analysis also indicated that the recA gene was transcribed from the direction of the EcoRI site toward the BglII site, or as shown with pT7-5rec (Fig. IA,C) .
DNA sequence analysis
The L. pneumophila recA gene sequence and the encoded protein are shown in Fig. 2 . The coding region of the recA gene was 1044 nucleotides from the amino terminal ATG triplet to the TAA termination codon. A search for transcription initiation sites similar to those of E. coil indicated that two complete sets of (-35)-and (-10)-like sequences preceded the coding region of the L. pneumophila recA gene. The 5'-most set of sequences began with a (-35)-like sequence at nucleotide -158 (TTGAAC) followed by a Pribnow heptamer [14] at nucleotide -131 (TATA-ATA). In zddition, a sequence homologous to a LexA binding site (SOS box) [15] , was located between the -35 and -10 sequences beginning at nucleotide -155 ( Figure 2) . A second (-35)-like sequence, which read GTGATA, was found at nucleotide -43 to -38. Downstream from the second -35 site was located a second Pribnow heptamer which read TATAATC. A second SOS box was located between the second set of promoter sequences at nucleotides -36 to -17. This sec° and LexA binding site contained the highly c~)nserved ..'VI'GT .......... CAT.. motif found in several SOS genes of E. coil [15] . A proposed ShineDalg~u'no sequence [14] which was located immediately after the 3'-most Pribnow heptamer. A second possible ribosomal binding site was located within the coding region of the gene, just upstream of Met es (Fig. 2) .
The L pneumophila recA gene terminated with a TAA ochre codon. The termination codon was followed by a proposed stemmed loop composed of a 10 base 5' stem beginning at nucleotide 1063, a 5 base loop, and a 3'-stem beginning at nucleotide 1078 and terminating at position 1087 (Fig.  2) . Though not completely base paired (8/10 correct pairs), the hyphenated stem was G-C rich and had a free energy of formation of AG = -8 kcal [16] . The proposed termination loop was followed by a 10 base palindrome (ATAGCGCTAT) positioned one base pair 3' to the loop end (Fig.  2) .
Analysis of the encoded L pneumophila recA protein
The L pneumophila recA gene encoded 348 amino acids which yielded a calculated molecular mass of 37 934 Da. This predicted mass was consistent with the 38000 Da value obtained by SDS-PAGE of T7 expression products. An aligned comparison of the L. pneumophila RecA protein and those of E. coil [17, 18] and Pseudomonas aeruginosa [19] indicated that L pneumophilo
RecA shared ~0.4% and 74.6% homology with these two proteins, respectively (Fig. 3) . A consensus ATP binding site proposed for ATP binding proteins (R ..... G--. SGKT) [20] was present in all three RecA sequences. The L pneumophila ATP binding sequence began with Arg 6°
and ended with Thr ~3 (Fig. 3) . Other conserved functional residues were Gly 2°4 which is involved in SOS induction activities, Olu 3s which is thought to be critical for recognition and binding of single stranded DNA, and Gly t~°, mutation of which results in a totally non-functional RecA protein [21] •
DISCUSSION
Work by a number of investigators has resulted in the cloning of recA genes from several bacteria includhlg Rhizobium meliloti [22] , P. aeruginosa [23] , Vibrio cholera [24, 25] , Methylophilus methylotrophus [26] , Thiobacillus /errooxidans [27] , Shigella flexneri [28] , Erwinia carotovora [28] , Proteus vulgaris [28] , Haemophil influenzae [29] , Legionella pneumophila [5] , Neisseria gonorrhoeae [30], Agrobacferium fumefaciens [31] , and Vibrio angudlarum [32] . 
